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(54) A treatment method for decomposing fluorine compounds, and catalyst and apparatus 
therefor 



(57) A method of treatment for decomposing fluo- 
rine compounds, comprising the step of contacting a 
gas flow containing said fluorine compounds, which 
comprises fluorine as a halogen element, and any of the 
elements carbon, nitrogen, and sulphur as a compound 
with said fluorine, with a fluorine compound-decomposi- 



tion catalyst in the presence of steam at a temperature 
in the range of approximately 200 to 800°C to hydrolyse 
the fluorine compound in said gas flow, wherein said 
gas flow containing said fluorine compounds is con- 
tacted with a catalyst comprising At to convert said flu- 
orine compounds to hydrogen fluoride. 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to a method of treatment lor decomposing halogen compounds containing only fluo- 
rine as the halogen such as CF 4 , C 2 F 6t SF 6 , NF 3 , and the like at a low temperature effectively, and a catalyst and an 
apparatus therefor. 

A large amount of halogen compound gas containing only fluorine as the halogen such as CF 4 , C 2 F 6 , SF 6 , NF 3 , 
are used as a semiconductor etching agent, a semiconductor cleaner, and the like. However, it was found that these 
10 compounds, once discharged into the atmosphere, turn into warming substances causing global warming. 

Gases such as CF 4 , C 2 F 6 , SF 6 , NF 3 , contain a large amount of fluorine (F) as one of molecular composing ele- 
ments. Fluorine has the highest electronegativity among all the chemical elements, and forms chemically very stable 
compounds. 

Particularly, CF 4 , C 2 F 6 , and the like are substances having a strong intramolecular force, and a poor reactivity. 

is Based on the above property, when CF 4 is decomposed by combustion, heating up to a high temperature is required, 
and a remarkably large amount of energy is consumed. 

Furthermore, a corrosion velocity of materials in the apparatus for the decomposition reaction at a high temperature 
by the generated gases such as hydrogen fluoride and the like is large, and no adequate method for decomposing treat- 
ment has been proposed yet at present. 

20 One of the methods for decomposing treatment being proposed at present is technology for combustion at a high 
temperature. However, in accordance with the proposed method, a large amount of C0 2 and NO x , i.e. hazardous sub- 
stances, are generated by combustion, because combustible gases such as propane gas and the like are used. Due to 
use of flammable gases such as propane and the like, a danger of explosion is existed. Furthermore, due to combustion 
at approximately 1000 °C, oven wall material is damaged by corrosive gases generated by the decomposition of halo- 

25 gen compounds, and an operation cost is increased because frequent maintenance is required. Accordingly, technol- 
ogy to decompose the halogen compounds at a low temperature without generating hazardous substance is necessary. 

Although various applications regarding the catalysts for decomposing halogen compounds have been filed, any 
report on decomposition of halogen compounds containing only fluorine as the halogen has not been disclosed. 
Although a method for hydrolyzing halogen compounds with a catalyst comprising titania has been disclosed in JP-A- 

30 3-66388 (1991), it is described that the method does not indicate any decomposing performance for CF 4 , which con- 
tains only fluorine as the halogen. OkazaW et al intended to hydrolyze CFC-14(CF 4 ) using Fe 2 03/active carbon, but the 
compound was not decomposed as described in Chem. Lett. (1989) pp. 1901-1904. Regarding the decomposition of 
halogen compounds containing only fluorine as the halogen, JP-A-7-1 16466 (1995) disclosed an example using a 
decomposing agent comprising an inorganic oxide treated with hydrogen fluoride. 

35 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is to provide a method for treating fluorine compounds containing only 
fluorine as the halogen such as CF 4 . C 2 F 6 , SF 6 , NF 3 . and the like to decompose at a low temperature effectively, cata- 
40 lysts having a high decomposition rate and a long catalytic life, and apparatus of the treatment for decomposition there- 
for. 

The inventors have achieved the present invention by proceeding an investigation in detail on a method for decom- 
position treatment, which is capable of decomposing compounds containing only fluorine as the halogen such as CF 4 , 
C 2 F 6 , SF 6 , NF 3 , and the like at a low temperature with a high efficiency, and of suppressing corrosion of the apparatus 
45 caused by corrosive gases in the decomposed gas. 

The inventors found that a compound containing only fluorine as halogen, the compound is composed of the fluo- 
rine with any element selected from the group consisting of carbon, sulfur, and nitrogen, could be hydrolyzed and the 
fluorine compound in a gas flow could be converted to hydrogen fluoride by contacting the gas flow containing the flu- 
orine compound with a catalyst comprising Al in the presence of steam at a temperature in the range of approximately 
50 200 - 800 °C. 

The object gas, i.e. a halogen compound containing only fluorine as the halogen such as CF 4 , C 2 F 6 , and the like, 
has a strong intramolecular force based on the nature of fluorine having a high electronegativity, and a poor reactivity. 
The object gas is scarcely reacted and decomposed with oxygen, but it can be decomposed with a high decomposition 
rate by addition of H 2 0. 

55 The fluorine compounds, which are objects of the present invention, contain only fluorine as the halogen. Constit- 
uent elements of the compounds are fluorine, carbon, oxygen, sulfur, nitrogen, and the like. Examples of the com- 
pounds are CF 4 . CHF 3 . CH 2 F 2 . CH 3 F. C 2 F 6 , C 2 HF 5 , C 2 H 2 F 4 , C2H3F3. C 2 H 4 F 2 , C 2 H 5 F, C 3 F 8 . CH3OCF2CF3, C 4 F 8 . 
CsFg. SF 6 , NF 3 , and the like. 
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The method of treatment for decomposing the fluorine compounds of the present invention uses a catalyst contain- 
ing Al. The Al is used in a form of an oxide. Al can be used in both alone and as a complex with at least one component 
selected from the group consisting of Zn, Ni, Ti, Fe, Sn, Pt, Co, Zr, Ce, and Si. A decomposing activity of the catalyst 
can be enhanced by adding S to these catalysts. 

5 Necessary characteristics as catalytic performance are having a high decomposition rate and a long catalytic life. 
After investigating in detail of the catalyst having the above performance, it was found that a single body composed of 
only Al 2 0 3 could have a high decomposition performance depending on its kind of raw material. 

A higher decomposition rate can be obtained by using a catalyst, which contains at least one element selected from 
the group consisting of Zn, Ni ( Ti, Fe, Sn, Pt, Co, Zr, Ce, and Si in addition to Al, than a case when only Al is used as 

w the catalyst. In these catalyst Al exists in a form of Al 2 0 3 , or a complex oxide with the added metallic element Any of 
Zn, Ni, Ti, Fe, Sn, Co, Zr, Ce, and Si exists in a form of an oxide, or a complex oxide with Al. In accordance with these 
catalyst, an atomic ratio of Al : M (where. M is at least one of Zn, Ni, Ti, Fe, Sn, Co. Zr. Ce t and Si) is desirably in the 
range of 50 - 99 mol % for Al, and 50 - 1 mol % for M. When the catalyst is composed of Al and Pt, the catalyst desirably 
contains Pt by 0.1 - 2 % by weight. A high decomposition rate can be obtained by selecting the amount of the additive 

is component other than Al in the range indicated above. 

In order to obtain a long catalytic life, suppressing crystallization of the Al 2 0 3 in the catalyst is effective, and forming 
a complex oxide of Al such as NiAI 2 0 4 , ZnAI 2 0 4 , and the like by added metallic components such as Ni, Zr, and the like 
is desirable. As one of the methods for improving the catalytic performance, a method to add S to the catalyst is known. 
As a method for adding the S, various methods such as using a sulfuric acid salt, or sulfuric acid, when manufacturing 

20 the catalyst can be used. The S in the catalyst exists in a form of S0 4 ions and the like, and operates to enhance an 
acidic property of the catalyst. The amount of S is desirably in the range of 0.1 ■ 20 % by weight 

In accordance with the method of treatment for decomposition of the present invention, oxygen can be added into 
the gas flow containing the fluorine compound such as CF 4( C 2 F 6 , and the like. The oxygen can be used for an oxidation 
reaction of CO and the like in the decomposition gas. 

25 Representative reactions of the fluorine compound decomposing reaction are as follows: 

CF 4 + 2^0 C0 2 + 4HF (Eq. 1) 

CsFe + 3H 2 0 -> CO + C0 2 + 6HF (Eq. 2) 

30 

CHF 3 + H 2 0 -> CO + 3HF (Eq. 3) 

SF 6 + 3H2O S0 3 + 6HF (Eq. 4) 

35 NF 3 + 3/2H 2 0->NO+1/20 2 + 3HF (Eq. 5) 

In accordance with the reactions expressed by the Eq. 1 and Eq. 2, Co is generated. However, the catalyst of the 
present invention has CO oxidizing performance, and if oxygen exists, CO can be oxidized to COg. 

The amount of added steam is required to be controlled so as to generate hydrogen atoms in an amount of at least 
40 equivalent to the number of F in the fluorine compound to be treated. Accordingly, fluorine in the compound can be con- 
verted to hydrogen fluoride, and a condition which facilitates post-treatment can be generated. 

The reaction temperature for hydrolyzing the fluorine compound is desirably in the range of approximately 200 - 800 
°C. The range of approximately 500 - 800 °C is desirable as the reaction temperature for treating the fluorine compound, 
which is composed of at least carbon, fluorine, and hydrogen. If a temperature higher than the above range is used, a 
45 higher decomposition rate can be achieved, but rapid deterioration of the catalyst is caused. Furthermore, the corrosion 
velocity of the apparatus material is increased rapidly. On the contrary, if a temperature lower than the above range is 
used, the decomposition rate is low. 

When contacting the gas flow containing the fluorine compound, which contains only fluorine as the halogen, and 
any element selected from the group consisting of carbon, sulfur, and nitrogen, with the catalyst of the present inven- 
50 tion, the content of the fluorine compound in the gas flow is desirably in the range of 0.1 - 10 % by volume, and prefer- 
ably 0.1 - 3 % by volume. The space velocity is desirably in the range of 100 per hour - 10,000 per hour, and preferably 
100 per hour - 3,000 per hour. Where, the space velocity is defined by the following equation. 

Space velocity (h * 1 ) = Flow rate of the reacting gas (ml/h)/the amount of catalyst (ml) 

55 

In accordance with the method of treatment for decomposing fluorine compounds of the present invention, hydro- 
gen fluoride, carbon dioxide, and the others are generated as decomposition products. Additionally, sulfur oxides such 
as S0 2 , S0 3 , and the like, and nitrogen oxides such as NO. N0 2 , and the like, are generated in some cases. In order 
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to neutralize and eliminate these products, a method of scrubbing the decomposed gas by spraying an aqueous alka- 
line solution is desirable, because blocking of the pipe with precipitated crystal can be hardly occurred. Any one of other 
methods of bubbling the decomposed gas into an alkaline solution, and of scrubbing the decomposed gas using a 
packed column can be used. Alkaline solid bodies can also be used. As the alkaline material, any of aqueous solution 

s or slurry of calcium hydroxide, sodium hydroxide, and conventional alkaline reagents can be used. 

As a raw material of Al for manufacturing the catalyst of the present invention, any of y-alumina, a mixture of y-alu- 
mina and 5-alumina, and the like can be used. Particularly, a catalyst manufactured by using boehmite as the raw mate- 
rial for Al, and forming the oxide by calcining has a high decomposition activity. 

As raw materials of various metallic components for manufacturing the catalyst of the present invention, nitrate, sul- 

w fate, ammonium salt, chloride, and the like of the metals can be used. Nickel nitrate, nickel sulfate, and the like can be 
used as a raw material of Ni. Hydrates of these compounds can be used. Titanium sulfate, titania sol, and the like can 
be used as raw materials of Tl. 

Any of the conventional methods for manufacturing catalyst such as precipitation method, impregnation method, 
kneading method, and the like, can be used for manufacturing the catalyst of the present invention. 

is The catalyst of the present invention can be used by forming a shape of granule, honey-comb, and the like. Any of 
extrusion method, palletizing method, roller granulating method, and the like can be used arbitrarily depending on the 
object. The catalyst of the present invention can also be used by being coated onto a honeycomb, a plate, or the like, 
which are made of ceramics or metal. 

Any of conventional fixed bed, moving bed, or fluidized bed can be used as a reactor for performing the method of 

20 the present invention. However, because corrosive gases such as HF and the like are generated as the decomposition 
gas, the reactor must be composed of materials, which are corrosion resistance against these corrosive gases. 

The treating apparatus for performing the method of the present invention comprises: in addition to the above reac- 
tor, means for controlling the concentration of the fluorine compound in the gas flow, for instance, means for supplying 
nitrogen, air, or oxygen to the gas flow, means for heating at least one of the gas flow and the catalyst in order to contact 

25 them each other at a temperature in the range of 200 ■ 800 °C, means for adding steam for decomposing the fluorine 
compound to the gas flow, and an exhaust gas scrubber for neutralizing a part of carbon dioxide, a part of sulfur oxides 
such as S0 2 , S0 3 , and the like, and a part of nitrogen oxides such as NO, N0 2 , and hydrogen fluoride in the decom- 
position products by scrubbing the decomposition products, which have been generated by contacting the gas flow with 
the catalyst filled in the reactor, with an alkaline solution. Furthermore, means for adsorbing carbon monoxide, sulfur 

so oxide, nitrogen oxide, which have not been absorbed by alkaline scrubbing, by an adsorbent, and the like, is preferably 
provided at a rear step of the exhaust gas scrubber. 

The method of treatment for decomposing the gas containing fluorine compounds of the present invention can be 
applied to previously installed semiconductor plants. The semiconductor plant has generally an exhaust gas treating 
apparatus for acidic component gas. The fluorine compound can be decomposed by utilizing the exhaust gas treating 

35 apparatus by the steps of: providing only the catalyst of the present invention into the exhaust gas line for the fluorine 
compound such as CF 4 , adding steam, and heating the gas flow. 

In accordance with the present invention, the whole apparatus, or a part of the apparatus of the present invention 
is loaded onto a truck and the like, the truck moves to the place where the cylinder containing the fluorine compound is 
stored, the fluorine compound is taken out from the cylinder, and the fluorine compound taken out from the cylinder can 

40 be treated directly by the apparatus of the present invention. A circulating pump for circulating the scrubbing solution in 
the exhaust gas scrubber, and the exhaust gas adsorption column for adsorbing gases such as carbon monoxide in the 
exhaust gas can be loaded simultaneously. Furthermore, a generator can be loaded. 

The method of treatment for decomposing the fluorine compound of the present invention can decompose the hal- 
ogen compound at a lower temperature, and accordingly the operation cost can be reduced. 

45 When the gas containing fluorine compound is treated, corrosion of the apparatus materials by acidic components 
such as HF, which are generated by the decomposition is a problem to be solved. However, in accordance with the 
present invention, the corrosion velocity is slow due to the low operating temperature. Therefore, the frequency of nec- 
essary maintenance of the apparatus can be reduced. 

The method of treatment for decomposing the fluorine compound of the present invention comprises a catalytic 

so reaction step for decomposing the fluorine compound, and an exhaust gas scrubbing step for neutralizing and eliminat- 
ing the acidic component in the gas generated by the decomposition. Therefore, size of the apparatus can be reduced. 

Because the decomposition reaction of the fluorine compound is with steam, the method of treatment for decom- 
posing the fluorine compounds is highly safe, and danger for explosion, which will be encountered when combustible 
gas is used, can be eliminated. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow sheet indicating the treating process of embodiment 1 of the present invention, 
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FIG. 2 is a graph indicating performance of respective of the catalysts of the present invention, 
FIG. 3 is a graph indicating performance of respective of the catalysts of the present invention, 
FIG. 4 is a graph indicating performance of respective of the catalysts of the present invention, 
FIG. 5 is a graph indicating performance of respective of the catalysts of the present invention, and 
5 FIG. 6 is a graph indicating performance of respective of the catalysts of the present invention, 
FIG. 7 is a graph indicating results of decomposition reactions of SF 6 , and C 3 F 8( 
FIG. 8 is a graph indicating results of decomposition reactions of CF 4 , C 4 F 8 , and CHF 3 , and 
FIG. 9 is a schematic illustration indicating an example of the apparatus for treating fluorine compound of the 
present invention. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is explained in details with preferred embodiments. The present invention is not 
restricted to only the embodiments. 

is FIG. 1 indicates an example of a flow sheet of the treating process for decomposing halogen compounds used in 
a semiconductor etching process. 

In accordance with the etching process, a halogen compound 1 such as CF 4 , and the like, is charged into a 
reduced pressure etching chamber, excited with plasma for 20 minutes, and reacted with semiconductors. Subse- 
quently, the atmosphere in the chamber is replaced with N 2 2 to dilute the concentration of the halogen compound to a 

£0 few %, and released as an exhaust gas by a velocity of approximately 1 0 liter/min. 

Air was added by the gas adder 3 to the exhaust gas to dilute the fluorine compound such as CF 4 , and the like. At 
this time, nitrogen can be added to dilute the fluorine compound. Furthermore, both nitrogen and oxygen can be added 
to dilute the fluorine compound. A reacting gas 5, which is obtained by adding steam by the steam adder 4 to the diluted 
exhaust gas, is transferred to the decomposition step. The decomposition step is performed at the reactor filled with cat- 

25 alyst. The concentration of the fluorine compound in the reacting gas is approximately 0.5 • 1 %. 

In the decomposition step, the reacting gas is contacted with a catalyst comprising Al at a temperature in the range 
of approximately 200 - 800 °C under a condition of space velocity 1,000 per hour ( where, space velocity (h* 1 ) = flow 
rate of reacting gas (ml/h) /the amount of catalyst (ml) ). In this case, the reacting gas may be heated, or the catalyst 
may be heated by an electric oven and the like. The decomposed gas 6 is transferred to the exhaust gas scrubbing step. 

ao In the exhaust gas scrubbing step, an alkaline solution is sprayed in the decomposed gas 6, and an exhaust gas 7, 
which is obtained by eliminating acidic components in the decomposed gas, is released to outside the treating system. 
The decomposition rate ol the halogen compound such as CF 4 , and the like is obtained by analyzing the reacting gas 
5 and the exhaust gas 7 with FID (Flame Ionization Detector) gas chromatography, and TCD (Thermal Conductivity 
Detector) gas chromatography, and calculating mass balances at inlet and outlet of the treating system. 

35 FIG. 9 is a schematic illustration indicating an example of the treating-apparatus of the present invention. The reac- 
tor 8 is filled with catalyst 9 comprising Al, and the whole body of the reactor can be heated by the heater 1 0. At a rear 
stage of the reactor 8, the exhaust gas scrubber 1 1 having means for spraying 12 an aqueous alkali solution is provided. 

(Embodiment 1) 

40 

The present embodiment is an example of studying the activities of various fluorine compound decomposing cata- 
lysts. 

Air was added to C2H 6 gas of at least 99 % pure to dilute the gas. Steam was further added to the diluted gas. Ttie 

steam was obtained by supplying pure water to upper portion of a reactor with a microtube pump by approximately 0.2 
45 ml/min. and gasifying the pure water. The concentration of C 2 H 6 in reacting gas was approximately 0.5 %. The reacting 

gas was contacted with a catalyst, which had been heated at a designated temperature from outside the reactor by an 

electric oven, under a space velocity of 2,000 per hour. 

The reactor was a reacting tube made of Inconel, of which inner diameter was 32 mm, having a catalyst layer at the 

middle portion of the reactor. A thermocouple protecting sheath made of Inconel, of which outer diameter was 3 mm, 
so was provided in the catalyst layer. The decomposition generated gas passed through the catalyst layer was bubbled into 

a calcium fluoride aqueous solution, and subsequently, released outside the system. The decomposition rate of C 2 H 6 

was calculated from the analytical result of FID gas chromatography and TCD gaschromatography by the following 

equation (math. 1). 

55 Decomposition rate = 1 -(amount of halogen compound at outlet/amount of supplied halogen (math. 1) 

compound) x 100 (%) 

Hereinafter, methods for preparing respective of catalyst examined in the present embodiment under the above 
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condition are explained. 
Catalyst 1; 

s Commercial boehmite powder was dried at 120 °C for 2 hours. The dried powder 200 g was calcined at 300 °C for 
0.5 hour, and subsequently, the calcining temperature was raised to 700 °C and calcined for 2 hours. The obtained pow- 
der was filled into a die, and fabricated by pressurizing with a pressure 500 kgf/cm 2 . The fabricated bodies were pulver- 
ized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. The granules were used in the 
examination. The catalyst after finishing the above treatment was mainly composed of Al 2 0 3 . 

w 

Catalyst 2; 

Commercial boehmite powder was dried at 1 20 °C for 1 hour. An aqueous solution dissolving 85.38 g of zinc nitrate 
hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a temper- 
is ature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Zn = 
91 : 9 (mol%) by an atomic ratio. The present catalyst contains a complex oxide of ZnAI 2 0 4 in addition to Al oxides and 
Zn oxides. 

20 

Catalyst 3; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 50.99 g of nickel sul- 
fate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture wa6 dried at a tem- 
25 perature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Ni = 
91 : 9 (mol%) by an atomic ratio. The present catalyst contains Al oxides, Ni oxides, a complex oxide of NiAI 2 0 4 , and S 
oxides. 

30 

Catalyst 4; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 125.04 g of nickel 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
35 temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Ni = 91 : 9 (mol%) by an atomic ratio. The present catalyst contains Al oxides, Ni oxides, and a complex oxide of 
NiAI 2 0 4 . 

40 

Catalyst 5; 

Commercial boehmite powder was dried at 120 °C for 1 hour. The dried powder 300 g and a 30 % titanium sulfate 
aqueous solution 354.4 g were mixed and kneaded with adding approximately 300 g of pure water. After kneading, the 
45 mixture was dried at a temperature in the range of 250 - 300°C for approximately 5 hours, and subsequently, calcined 
at 700 °C for 2 hours. The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter 
in the range of 0.5 - 1 mm. The granules were used in the examination. The catalyst composition after finishing the 
above treatment was Al : Ti = 91 : 9 (mol%) by an atomic ratio. 

so Catalyst 6; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 115.95 g of iron 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
55 The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Fe = 91 : 9 (mol%) by an atomic ratio. 
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Catalyst 7; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 95.43 g of stannic 
chloride hydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a tem- 
s perature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 • 1 mm. 
The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Sn = 
91 : 9 (mof%) by an atomic ratio. 

10 Catalyst 8; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution obtained by diluting 22.2 g of 
dinitrodiamine Pt (II) nitric acid solution (Pt concentration was 4.5 % by weight) with 200 ml of pure water was added to 
200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a temperature in the range of 250 - 
75 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The obtained calcined bodies were 
pulverized and sieved to obtain granules having a diameter in the range of 0.5 • 1 mm. The granules were used in the 
examination. The catalyst after finishing the above treatment contained Pt by 0.68 % by weight to 100 % by weight of 
Al 2 0 3 . 

20 Catalyst 9; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 125.87 g of cobalt 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
25 The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Co = 91 : 9 (mol%) by an atomic ratio. 

Catalyst 10; 

so 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 76.70 g of zirconyl 
nitrate dihydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a tem- 
perature in the range of 250 ■ 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
35 The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Zr = 
91 : 9 (mol%) by an atomic ratio. 

Catalyst 11; 

40 Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 124.62 g of cerium 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 

45 Ce = 91 : 9 (mol%) by an atomic ratio. 

Catalyst 12; 

Commercial boehmite powder was dried at 1 20 °C for 1 hour. An aqueous solution dissolving 1 29. 1 9 g of 20% silica 
so sol was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a temperature in the 
range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The obtained cal- 
cined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 • 1 mm. The granules 
were used in the examination. The catalyst composition after finishing the above treatment was Al : Si = 91 : 9 (mol%) 
by an atomic ratio. 

55 Results of the examination of the above catalysts 1 - 12 at a reacting temperature of 700 °C are indicated in FIG. 
2. The decomposition rates by the catalyst comprising Al and Zn, and the catalyst comprising Al and Ni are significantly 
higher than others, and the decomposition rate of the catalyst comprising Al and Ti is next high, The reason that the 
catalyst 3 has a higher activity than the catalyst 4 is supposedly based on the effect of S. 
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(Embodiment 2) 

The present embodiment is a result of examination on activities of catalysts by preparing catalysts, which were 
obtained by varying the composition of Al and Ni using the same raw materials of Al and Ni as the catalyst 4 in the 
s embodiment 1 , and determining their decomposition activities for C^Fg. 

Catalyst 4- 1; 

Commercial boehmite powder was dried at 1 20 °C for 1 hour. An aqueous solution dissolving 8.52 g of nickel nitrate 
w hexahydrate was added to 200 g ol the dried powder, and kneaded. After kneading, the mixture was dried at a temper- 
ature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Ni = 
99 : 1 (mol%) by an atomic ratio. 

15 

Catalyst 4 -2; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 66.59 g of nickel 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
20 temperature in the range of 250 * 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Ni = 95 : 5 (mol%) by an atomic ratio. 

25 Catalyst 4 -3; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 210.82 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
so The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Ni = 80 : 20 (mol%) by an atomic ratio. 

Catalyst 4-4; 

35 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 361.16 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
40 mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Ni = 70 : 30 (mol%) by an atomic ratio. 

Catalyst 4 - 5; 

45 Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 562.1 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 

so Ni = 60 : 40 (mol%) by an atomic ratio. 

The activities of the above catalysts from the catalyst 4, the catalyst 4 - 1 to the catalyst 4 - 5 were examined by the 
same method as the embodiment 1 except changing the concentration of C2F 6 to 2 %, and the supplying amount of the 
pure water to approximately 0.4 ml/min. The decomposition rates at 6 hours elapsed after initiating the examination are 
indicated in FIG. 3. The highest activity can be obtained when the mol % of Ni/(Ni+AI) is in the range of 20 - 30 mol %. 

55 and the activity is next high when the mol % is in the range of 5 - 40 mol %. 
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(Embodiment 3) 

The present embodiment is a result of examination on activities of catalysts by preparing catalysts, which were 
obtained by varying the composition of Al and Zn using the same raw materials of Al and Zn as the catalyst 2 in the 
s embodiment 1 , and determining their activities. 

Catalyst 2 - 1 ; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 215.68 g of zinc 
w nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 • 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Zn = 80 : 20 (mol%) by an atomic ratio. 

15 

Catalyst 2 -2; 

Commercial boehmite powder was dried at 120 °C for 1 hour. An aqueous solution dissolving 369.48 g of zinc 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
20 temperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours, 
The obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 • 1 
mm. The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : 
Zn o 70 : 30 (mol%) by an atomic ratio. 

25 Catalyst 2 -3; 

Commercial boehmite powder was dried at 1 20 °C for 1 hour. An aqueous solution dissolving 96.39 g of zinc nitrate 
hexahydrate was added to 126.65 g of the dried powder, and kneaded. After kneading, the mixture was dried at a tem- 
perature in the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 

30 obtained calcined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
The granules were used in the examination. The catalyst composition after finishing the above treatment was Al : Zn = 
85 : 15 (mol%) by an atomic ratio. 

The activities of the above catalysts from the catalyst 2, the catalyst 2 - 1 to the catalyst 2 - 3 were examined by the 
same method as the embodiment 1 except changing the concentration of CgFg to 2%, and the supplying amount of the 

35 pure water to approximately 0.4 ml/min. The decomposition rates at 6 hours elapsed after initiating the examination are 
indicated in FIG. 4. The highest decomposition rate can be obtained when the mol % of Zn/(ZrwAI) is in the range of 10 
- 30 mol %. 

(Embodiment 4) 

40 

The present embodiment is a result obtained by performing decomposition of CF 4l CHF 3 , and CzFg at various reac- 
tion temperatures. The condition of the examination was as same as the embodiment 1 , except changing the space 
velocity to 1,000 per hour, and the halogen compound was diluted with nitrogen instead of air. The catalyst used was 
the catalyst 4 ■ 3 in the embodiment 2. The results of the examination at various reacting temperature are indicated in 
45 FIG. 5. The catalyst comprising Al and Ni has a high decomposition rate with CF 4 , and CHF 3 . These catalyst also have 
a high activity with the fluorine compounds at a low temperature such as approximately 600 °C. 

(Embodiment 5) 

so The present embodiment is a result obtained by examining the effect of steam in the decomposition of C 2 F 6 . The 
condition of the examination was as same as the embodiment 1 , except changing only the space velocity to 1 ,000 per 
hour. The catalyst used was the catalyst 4 in the embodiment 1 , and the reacting temperature was 700 °C. In the exam- 
ination, steam was supplied for 2 hours from the initiation of the reaction, and then, steam supply was stopped. After 5 
hours elapsed, the steam supply was resumed. The results of the examination are indicated in FIG. 6. It was revealed 

55 that the decomposition rate was increased by adding steam, and the decomposition of C2F 6 was performed by hydrol- 
ysis. 
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(Embodiment 6) 

The present embodiment is a result obtained by examining the decomposition of SF 6 and C3F 8 using the catalyst 
4 - 3 comprising Al and Ni. The condition of the examination of SF 6 gas was as same as the embodiment 1, except 

5 using SF 6 of at least 99 % pure, changing the space velocity to 1,000 per hour, and diluting the SF 6 with nitrogen 
instead of air. The condition of the examination of C 3 F 8 wa6 as same as the embodiment 1 . Results of the examination 
is indicated in FIG. 7. The decomposition rate was obtained by determining the amount of SF 6 in the reacting gas at the 
inlet of the reactor, and the amount of SF 6 in the decomposed gas after passing through the alkaline scrubber with the 
TCD gaschromatography and calculating the decomposition rate by the following equation (math. 2). The observed 

w decomposition rate of SF 6 at the reacting temperature 550 - 700 °C was at least 99 %. In accordance with the decom- 
position test of C 3 F 8 , a high decomposition rate could be obtained at a reacting temperature higher than 700 °C. 

Decomposition rate = 1 - (amount of SF 6 at the outlet/amount of supplied SF 6 ) x 100 (%) (math. 2) 
15 (Embodiment 7) 

The present embodiment is a result obtained by examining the decomposition of NF 3 using the catalyst 4 - 3 com- 
prising Al and Ni. The condition of the examination was as same as the embodiment 6, except using NF 3 of at least 99 
% pure. The reacting temperature was 700 °C. The decomposition rate was obtained by determining the amount of NF 3 
20 in the reacting gas at the inlet of the reactor, and the amount of NF 3 in the decomposed gas after passing through the 
alkaline scrubber with the TCD gaschromatography. and calculating the decomposition rate by the following equation 
(math. 3). The observed decomposition rate was at least 99 %. 

Decomposition rate - 1 - (amount of NF 3 at the outlet/amount of supplied NF 3 ) x 100 (%) (math. 3) 

2$ 

(Embodiment 8) 

The decomposition of CF 4 , C 4 F 8 , and CHF 3 were examined using the catalyst comprising Al and Zn in an atomic 
ratio of AI:Zn = 85:15 (mol %). 

30 The decomposition of CF 4 was examined by the steps of diluting CF 4 gas of purity at least 99 % by adding air, fur- 
ther adding steam, and contacting with the catalyst at a designated reacting temperature. The space velocity was 1000 
per hour. 

The CF 4 concentration in the reacting gas was approximately 0.5 %. The flow rate of the steam was controlled to 
be approximately 50 times of the CF 4 gas. The decomposition of CHF 3 and C 4 F 8 were performed by the same as the 
35 above. 

Results of the examination are indicated in FIG. 8. It was revealed that the catalyst comprising Al and Zn had a high 
activity with CHF 3 and CF 4 , and the catalyst indicated a high decomposition activity with C 4 F 8 when the reacting tem- 
perature was increased to approximately 700 °C or higher. 

In accordance with the present invention, halogen compounds which contain only fluorine as the halogen such as 
40 CF 4 , C2F 6l and the like can be treated for decomposing effectively. 

Claims 

1 . A method of treatment for decomposing fluorine compounds, comprising the step of contacting a gas flow contain- 
45 ing said fluorine compounds, which comprises fluorine as a halogen element, and any of the elements carbon, 

nitrogen, and sulphur as a compound with said fluorine, with a fluorine compound-decomposition catalyst in the 
presence of steam at a temperature in the range of approximately 200 to 800 °C to hydrolyse the fluorine com- 
pound in said gas flow, wherein said gas flow containing said fluorine compounds is contacted with a catalyst com- 
prising M to convert said fluorine compounds to hydrogen fluoride. 

50 

2. The method of claim 1 , wherein said gas flow containing fluorine compounds contains at least one fluorine com- 
pound selected from CF 4l CHF 3 , C 2 F 6 , C3F 8 , C 4 F 8 , and CsF* and said fluorine compound is decomposed to at 
least either one of CO and C0 2 . and HF. 

55 3. The method of claim 1 , wherein said gas flow containing fluorine compounds contains SF 6 as said fluorine com- 
pound, and said SF 6 is decomposed to at least either one of S0 2 and S0 3 , and HF 

4. The method of claim 1 , wherein said gas flow containing fluorine compounds contains NF 3 as said fluorine com- 



10 



EP0 885 648A1 



pound, and said NF 3 is decomposed to at least either one of NO and N0 2 , and HF. 

5. The method any preceding claim, wherein said gas flow containing said hydrogen fluoride, after contacting with the 
catalyst, is neutralised by scrubbing with an aqueous alkali solution. 

5 

6. A catalyst for decomposing fluorine compounds containing an A* oxide, which is used for hydrolysing halogen com- 
pounds containing only fluorine as the halogen. 

7. The method of any of claims 1 to 5 or the catalyst of claim 6, wherein said catalyst contains At, at least one of the 
w elements Zn, Ni, Ti, Fe, Sn, Co, Zr, Ce, Si, and Pt, the atomic ratio of M : M (where, M is any one of Zn, Ni, Ti, Fe p 

Sn, Co, Zr, Ce and SO being preferably 50 to 99 mol % for A/ and 50 to 1 mol % for M. 

8. The method or catalyst of claim 7, wherein said catalyst further contains S, preferably in the range of 0.1 to 20 % 
by weight. 

15 

9. The method or catalyst of claim 7 or 8, wherein respective of components comprising said catalyst is contained in 
any form of an oxide of the component alone, and a complex oxide of A* with other components. 

10. The method or catalyst of any of claims 7 to 9, wherein said catalyst contains A/ and 0.1 to 2 % by weight of Pt. 

20 

11. A treating apparatus for decomposing fluorine compounds comprising 

a reactor filled with catalyst for decomposing fluorine compounds, 

a gas adder to generate a gas flow containing a compound, which is composed of fluorine and any one of car- 
25 bon, sulphur, and nitrogen, by adding any of nitrogen, oxygen, and air to said fluorine compounds, which is 

introduced into said reactor, 

a heater for heating at least any one of said catalyst filled in said reactor and said gas flow supplied to said 
reactor to a temperature in the range of approximately 200 to 800 °C, and 
a steam adder for adding steam for hydrolysing said fluorine compounds to said gas flow, 
30 wherein said reactor is filled with a catalyst comprising Al. 

1 2. The apparatus of claim 1 1 , wherein an exhaust gas scrubber for scrubbing said gas flow discharged from said reac- 
tor with an aqueous alkali solution is provided at a rear stage of said reactor. 

35 
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